ABSTRACT. The IGF-1 gene is an important regulating factor that has a growth-promoting effect on growth hormone. The IGF-1 gene promotes muscle cell differentiation in the muscle cell formation process. The IGF-1 gene also regulates the growth of skeletal muscle during skeletal muscle growth. In addition, the IGF-1 gene plays an important role in the formation of mammals and poultry embryos, and the process of postnatal growth. The IGF-1 gene has been implicated as a candidate gene for the regulation of pig growth traits. We analyzed exon 3 of the IGF-1 gene polymorphism in Tibetan miniature pigs (N = 128) by polymerase chain reaction-single-strand conformation polymorphism and DNA sequencing. One single nucleotide polymorphism (T40C) was found on exon 3 of the IGF-1 gene. Statistical analysis of genotype frequencies revealed that the T allele was dominant in Tibetan miniature pigs at the T40C locus. The association analysis showed that the IGF-1 mutation had an effect on the body weight, body length, and chest circumference of pigs aged 6-8 months. In addition, the IGF-1 mutation had an effect on body weight in pigs aged 9-11 months (P < 0.05). We speculated that the pigs with the TT genotype grow more rapidly compared to those with the TC genotype. The TC genotype of the Tibetan miniature pig has a smaller body type. This information provides a theoretical basis for the genetic background of Tibetan miniature pigs.
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INTRODUCTION
Growth hormone (GH) is secreted by the pituitary gland, and promotes metabolism and growth in the growth axis of mammalian metabolism. The function of promoting the growth of GH on target cells is mainly mediated by insulin-like growth factor (IGFs). GH and IGFs are hypothesized to play major roles via their respective specific receptors on the target cell membrane. The IGF system plays important roles in growth. The information obtained from the present study is important for elucidation of the regulatory mechanism of IGF system underlying growth, and for genetic improvement in pigs (Li et al., 2013) . Therefore, it is very important to elucidate the function of hormone-based receptor binding activity and gene expression in the growth axis of mammalian metabolism (Buonomo and Klindt, 1993; Peng et al., 1998) . The IGF-1 gene promotes muscle cell differentiation in the muscle cell formation process (Hembree et al., 1991; Buckingham et al., 2003; O'Sullivan et al., 2011) . The IGF-1 gene also regulates the growth of skeletal muscle in the process of skeletal muscle growth (Doumit et al., 1993; Lamberson et al., 1995; Davis et al., 2002; Schlegel et al., 2010; Wang et al., 2011 Wang et al., , 2012 . In addition, the IGF-1 gene stimulates myoblast terminal differentiation by inducing the expression of the myogenin (MyoG) gene (Florini et al., 1991; Yano et al., 1999) .
IGF-1 is important for regulating animal body growth, development, and metabolism. The porcine IGF-1 gene is located on chromosome 5 region q23-24 (Winterø et al., 1994; Xiao et al., 2009 ). The IGF-1 gene has been implicated as a candidate gene in the regulation of pig growth traits (Suzuki et al., 2004) Even though the mechanisms of human Laro-type dwarfism, sex-linked dwarfism in chickens, and other dwarfism conditions have been well studied (Godowski et al., 1989) , the causes of dwarfism in miniature pigs have yet to be elucidated.
Miniature pigs are considered to be important model animals in biomedical research because of their anatomical and physiological similarities to humans and the relative ease with which they may be handled in experiments. The Tibetan miniature pig used in this study is the only type of mini-pig that is able to inhabit high elevation climatic conditions. Because other breeds cannot inhabit this geographical environment, the breed has remained pure. We analyzed IGF-1 polymorphisms in Tibetan miniature pigs by PCR-SSCP and DNA sequencing to further explore the effects of the IGF-1 gene on growth mechanisms.
MATERIAL AND METHODS

Animals
One hundred and twenty-eight blood samples from Tibetan miniature pigs (Department of Laboratory Animal Center, Southern Medical University, Guangzhou, China) were randomly collected. This study was carried out in strict accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health. The animal use protocol was reviewed and approved by the Institutional Animal Care and Use Committee (IACUC) of Southern Medical University, China.
Genomic DNA extraction
Genomic DNA was extracted using Beijing Tiangen genomic DNA extraction kits. The purity and concentration of the DNA samples were confirmed with 1% agarose gel electrophoresis and ultraviolet spectrophotometry. The samples were diluted to 100 ng/μL and stored at -20°C.
PCR
PCR primers directed toward exon 3 of IGF-1 (GI: 347618789) were designed by Primer Premier 5.0 and synthesized by Invitrogen Trading (Shanghai, China) Co., Ltd. The following primer sequences were used: IGF1-F: 5'-ACAAGAACTACAGAATGTAGGAAG A-3', IGF1-R: 5'-AAGACAATGTTGGAATGTTTACT-3'.
PCRs were carried out in a total volume of 50 μL containing 50 ng template DNA, 2 μL primers (10 μM), 25 μL 2X MasterMix (Taq 0.05 U/μL DNA polymerase, 4 mM MgCl 2 , and 4 mM dNTPs), and ddH 2 O (Aidlab Biotechnologies Co., Ltd. Beijing, China), which was used to make up the volume to 50 μL. The conditions for PCR amplification included a denaturing step at 94°C for 5 min, followed by 30 cycles at 94°C for 30 s, 1 cycle at 50°C for 30 s, 1 cycle at 72°C for 30 s, and a final elongation at 72°C for 10 min. PCR products were analyzed by agarose gel electrophoresis (1% in TBE), and visualized under UV light after ethidium bromide staining.
SSCP and sequencing
The genotypes of 128 miniature pig individuals were ascertained by PCR-SSCP. A total of 5 μL PCR product was mixed with 5 μL of the denaturation solution, in addition to 1 μL of the denaturation solution containing 5 mg bromophenol blue, and 0.5 M 400 μL ethylenediaminetetraacetic acid disodium salt, and 9.6 mL formamide. The mixture was then denatured for 10 min at 98°C, and rapidly chilled in an ice block. The samples were electrophoresed on 6% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The electrophoresis was programmed to 200 V for 10 min for the first step, which was followed by a Silver Stain step of 100 V for 8 h. A refrigerated circulator was used to maintain the temperature of the gels at 4°C. Samples of different genotypes were sequenced by Invitrogen Trading Co., Ltd.
Statistical analysis
The PCR-SSCP results were corrected and analyzed using DNA STAR Lasergene v7.1, Chromas, SPSS13.0, and other biological software by searching for single nucleotide polymorphism (SNP) locus sites and identifying genotypes. The SNP loci, heterozygosity, and allele frequencies were predicted for exon 3 using the Popgene32 version 1.32 software. In addition, polymorphic information content (PIC) was determined using the PIC Calc 0.6 software.
RESULTS
PCR-SSCP
An IGF-1 gene fragment of 161 bp (exon 3) was amplified by PCR, and resolved by 1% gel electrophoresis ( Figure 1A) . The genetic polymorphism of Tibetan miniature pigs was detected by SSCP in the locus of exon 3 ( Figure 1B) . The polymorphism of exon 3 was induced by T-C SNP at 40 bp in the IGF-1 gene exon 3 ( Figure 1C ). 
Genotypic and allelic frequencies
The genotypic and allelic frequencies in the IGF-1 gene were statistically analyzed (Table 1 ). The variation in the distribution of these frequencies was tested for Tibetan miniature pigs (Table 2) . Table 1 shows that the T allele was dominant in Tibetan miniature pigs at the T40C (PIC = 0.3266) locus on exon 3 of the IGF-1 gene. The locus showed intermediate polymorphism, while the χ 2 test results indicated that the locus in the population that fitted with the Hardy-Weinberg equilibrium was in disequilibrium (P = 0.0040, P < 0.05). 
Relationship between growth traits and the IGF-1 gene polymorphism
The association analysis results (Table 3) show that IGF-1 mutation affected the BW, BL, and CC of miniature pigs aged 6-8 months. The IGF-1 mutation also affected the BW of miniature pigs aged 9-11 months. We speculated that pigs with the TT genotype grew more rapidly compared to those with the TC genotype. The TC genotype of Tibetan miniature pigs had a smaller body type. 
DISCUSSION
The IGF-1 gene is an important candidate gene that regulates muscle growth and lipidosis; consequently, much research has focused on polymorphisms and associations of this gene. In this study, IGF-1 genotype frequencies indicate the presence of one SNP on exon 3 (161 bp) of Tibetan miniature pigs. The T allele was dominant in Tibetan miniature pigs at the T40C locus. The locus showed intermediate polymorphism, with the χ 2 test results indicating that the locus in the population fitted with the Hardy-Weinberg equilibrium that was in disequilibrium (P = 0.0040, P < 0.05). Of all the 128 Tibetan pig tests, 58 and 66 pigs had the TT and TC genotypes, respectively; however, only 4 pigs had the CC genotype.
The average PIC is an ideal index for assessing gene fragment polymorphisms. A PIC value of >0.5 indicates a highly polymorphic region, whereas a PIC value of <0.25 indicates a low polymorphism site. In comparison, 0.25 < PIC < 0.5 indicates a moderate polymorphic site (Godowski et al., 1989) . The IGF-1 gene of Tibetan miniature pigs exhibits moderate polymorphism at T40C. The PIC of the IGF-1 gene was 0.3266; however, Hao et al. (2011) only located 1 SNP (G201A) with a PIC of 0.20 < 0.25; hence, Tibetan miniature pigs exhibit low polymorphism.
Genetic heterozygosity indicates the proportion of the group with site heterozygotes at certain loci. The average heterozygosity of loci reflects the level of variation of a genetic structure, in which variability is directly correlated with heterozygosity and the ability to adapt to the environment (Hao et al., 2011) . Small effective allele number and observed heterozygosity were observed in Tibetan miniature pigs, confirming that this population has relatively low genetic diversity.
IGF-1 is involved in the endocrine regulation of animal growth and development. Numerous studies have shown that IGF-1 promotes the growth rate of experimental animals, such as growth stimulation by the injection of IGF-1 (Baker et al., 1993; Vickers et al., 2001) . Our results showed that IGF-1 genes containing the TT genotype grew more rapidly compared to IGF-1 genes containing the TC genotype. The BW, BL, and CC of the two genotypes were significantly different (P < 0.05). The BW, BL, and CC of the TT genotype were higher compared to the TC genotype of 6-8-month-old miniature pigs (P = 0.005, P = 0.000). However, only the BW of the TT genotype was higher compared to the TC genotype in 9-11-month-old pigs (P = 0.036). Based on these results, we speculate that the TC genotype of IGF-1 represents the selection genotype for smaller in size. This experiment was restricted by sample resource and number. Therefore, future experiments are required to verify the results of this research using a bigger population.
